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1 Introduction 
1.1 Background 
It is natural for us to work in collaboration for difficult or complex tasks 
(Denning, 2007). Student group projects could be one of those situations in educational 
settings, where students would work together to satisfy their information needs. 
Researchers have explored how users seek information during collaborative search a lot 
(Paul and Morris, 2009; Shah and Marchionini, 2010; Shah, 2014), and yet few 
researches have focused on how students work together while conducting their group 
projects (Toze and Toms, 2010). 
Understanding how they do during the authentic collaborative research process 
would be helpful for researchers to understand student information-seeking behaviors 
better and to get implications on how to design collaborative search systems that could 
best support students’ needs. 
1.2 Research Questions 
 Researchers have shown many skills students could develop through collaboration 
work (Lazonder, 2005; Morris, 2008; Schellents and Valcke, 2006). However, students 
often do not collaborate in an effective way (Lakkala et al. 2005; Sormunen et al., 2013; 
Payne, 2014). They may choose different collaboration ways for different sub-tasks of a 
project. According to Kuhlthau’s model of Information Searching Process (ISP) 
(Kuhlthau, 1991, 1993) and Shah’s extension (Shah, 2012), six stages are defined in a 
CIR/CIS process (Initiation, Selection, Exploration, Formulation, Collection, 
     
    
Presentation). Whether different collaboration forms are chosen by students at different 
stages need to be investigated.  
 More and more collaboration tools become prevalent in educational settings. 
However, current laboratory studies do not provide information about how those 
technologies assist students’ CIS process in real life. Research is needed in understanding 
what role technologies play in Control, Communication, Awareness (Rodden, 1991) in an 
educational CIS environment. 
 According to Scott (1995), an effective collaboration must be democratic and 
inclusive and all parties who have a stake in the problem should be included. For a group 
project where the division of labor always occurs, it is important to consider what user 
roles occur in students’ collaboration.    
 In order to address these issues, qualitative analysis for semi-structured interviews 
was conducted with UNC graduate students, which explored the collaborative search 
process on real-life group project assignments. The research questions addressed by the 
study are:  
RQ1: What kind of collaboration methods have students used at different stages of CIS 
process? 
RQ2: What roles do technologies play in control, communication, and awareness of CIS? 




     
    
2 Literature Review 
2.1 Collaborative Information Seeking (CIS) 
2.1.1 Definition  
 It’s difficult for researchers to agree on a definition for CIS, as there is still the 
question of how it relates to other similar terms. The literature is filled with usages, such 
as social searching (Donath & Robertson, 1994; Evans & Chi, 2010); collaborative 
navigation (Laurillau, 1999; Laurillau & Nigay, 2002); collaborative information 
retrieval (Field et al., 2000; Blackwell et al., 2004; Hyldegard, 2009); co-browsing 
(Esenther, 2002; Han et al., 2000; Gerosa et al., 2004); collaborative search (Smyth et al., 
2003); collaborative information synthesis (Blake & Pratt, 2006); collaborative 
exploratory search (Pickens & Golovchinsky, 2007) and collaborative information 
seeking (Foster, 2006; Hertzum, 2008; Shah, 2010b). 
 According to Foster (2006), CIS is defined as “the study of the systems and 
practices that enable individuals to collaborate during the seeking, searching, and 
retrieval of information” (p. 330). Shah (2008) believes it could be referred as a process 
of information seeking “that is defined explicitly among the participants, interactive and 
mutually beneficial” (p.1).  
 Shah (2012) has also identified the following aspects of CIS based on earlier 
discussion on how CIS relates to similar concepts: 
1. A common goal and/or mutual benefits 
     
    
It’s always the common goal and/or the possibility of mutually beneficial parts 
that bring people together for collaboration. 
2. Complex task 
There are not many benefits for collaborating on simple tasks (Morris & Horvitz, 
2007a), which implies that the task for CIS should be exploratory and may span 
multiple sessions. 
3. High benefits-to-overhead ratio 
Collaboration is useful only if its overhead is acceptable (London, 1995). The 
collaboration has to meet or exceed the benefits expectations for it to be viable 
with the cognitive load that it brings. 
4. Insufficient knowledge or skills 
People always seek for collaboration due to their insufficient knowledge or skills 
for a complex problem. In other words, group members can collaborate so to 
achieve something bigger or better than what they each can do individually.  
 Shah also defined CIS as an information-seeking process that “takes place in a 
collaborative project (possibly a complex task) among a small group of participants 
(potentially with different sets of skill and/or roles), which is intentional, interactive and 
mutually beneficial” (p. 7) based on those points.  
2.1.2 Extending Information Search Processes (ISP) Model for CIS 
2.1.2.1 Kuhlthau’s Information Search Processes (ISP) Model 
 ISP model has been developed to describe the different stages of information 
seeking process with emotional, cognitive and physical experience into consideration by 
Kuhlthau (1991, 1993). She wanted to address a recognized gap between information 
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systems and users’ natural process of information seeking to improve the design of 
information system. The model has been verified in two large-scale studies (Kuhlthau, 
1991, 1993). 
 ISP could be divided into six stages according to Kuhlthau’s ISP model 
distinguished by information searched for, ways of searching and relevance assessments. 
The model describes the thoughts, feelings, and actions of the seeker and is often used to 
describe students (David & Layn, 2012).  
  The six stages and their accompanying tasks (Kuhlthau, 1991, 1993) are: 
1. Initiation 
The seeker would recognize the need for new information to complete an 
assignment, and this stage of the information seeking process is filled with 
feelings of apprehension and uncertainty. 
2. Selection 
The seeker begins to decide on the topic and how to proceed. Multiple rounds of 
query reformulation might occur in this stage. The uncertainty is often with a 
sense of optimism. 
3. Exploration 
Information is gathered and new personal knowledge is created at this point. The 
seeker might feel anxious if inconsistent or incompatible information is found.  
4. Formulation 
The information seeker starts to evaluate the information gathered so far at this 
point and this stage is considered to be the most important one of the whole 
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process. A focused perspective begins to form and the seeker becomes less 
confused. 
5. Collection 
The seeker begins to collect what is needed to support the focus. He/she will feel 
more confident while searching for a clear topic.  
6. Search Closure 
The information search is completed at this point. And the seeker will begin to 
summarize and report on what was found. The seeker would experience a sense of 
relief and either satisfaction or disappointment depending on the result. 
2.1.2.2 Shah and González-Ibáñez’s Extension 
 Shah and González-Ibáñez (2010) have explored Kuhlthau’s ISP model in a 
collaborative context. A laboratory study was conducted on 42 pairs of participants, who 
came to the lab for two separate sessions, each time working on two tasks. They mapped 
their data to six stages of the ISP model and described those in six stages as below. 
1) Initiation: this is the part when the participants read the task and greet each other.  
2) Selection: this is when the participants discuss how they want to divide their tasks 
and how to proceed. It’s measured by the number of chat messages exchanged 
between the participants. 
3) Exploration: this is mapped to the number of search queries used. 
4) Formulation: this is measured by the number of webpages they looked at. 
5) Collection: this is measured by the number of webpages or snippets collected by 
the team. 
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6) Presentation: this occurs when the participants were asked to organize their 
collected snippets and it is measured by the number of moving actions on snippets 
performed by each team.  
 The results showed that exploration, formulation, and collection were highly 
correlated as there are many quick switches between them during the CIS process. 
Participants went back and forth between trying search queries, exploring various sources 
and collecting information as they worked through the task. Also, the authors believe the 
ISP model is a reasonable model to explore information seeking process in a 
collaborative context. 
2.1.3 Frameworks for CIS Research 
 We need to think about how to study CIS before we start investigating various 
aspects and issues. Space and time are chosen as two classic dimensions to classify 
students’ CIS behavior in the study. Control, communication, and awareness are 
considered as three components to study how technology assists students in their CIS 
process. User roles are also studied as it’s important to learn what roles would occur in a 
student project if we would like to design collaborative system in this context. 
2.1.3.1 Space and Time Aspects of CIS 
 According to Rodden (1999), there are two essential factors to organize 
collaborative activities: location and time. Hansen and Jarvelin (2005) and Golovchinsky 
et al. (2008) also mentioned many approaches to CIS using these two dimensions. 
According to Twidale and Nichols (1996), the majority of conventional collaborative 
activity (e.g., user education, interview) are co-located and synchronous, while more 
digital collaborative activities (e.g., video conferencing, remote databases) are more 
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remote and synchronous. Both classical and digital collaborative activities would occur in 
a student group project. It would be meaningful if we could figure out how students 
would collaborate in different stages of CIS. 
2.1.3.2 Control, Communication, and Awareness in a CIS Environment 
 Control, communication, and awareness are three specific components who have 
been studies a lot in CIS. Understanding how technologies play their role in these three 
aspects would help us address various design issues with CIS systems. 
 The value of control was identified by Rodden (1991). Control means there would 
be a process needs to satisfy in order to start or finish. The technology might help users 
filter information they are supposed to send or receive during that process, which is 
called cognitive filtering (Malone, 1988). Communication is the most critical component 
of any collaboration (Rodden, 1991). How the system they chose helps students 
communicate with each other is worthy to investigate. Awareness is also an important 
issue that is identified in CIS literature. There are always multiple sessions existing in a 
student group project. And the technology helps students a lot to “be aware” of where 
they are/were and how to proceed. 
2.1.3.4 User Roles  
 The ability to manage resources including time and responsibility is a prerequisite 
in a successful group process in academic settings (Meyers & Jones, 1993). Three 
categories of group roles are identified as task (those that relate to getting the work done), 
personal/social (those that contribute to the positive functioning of the group), 
dysfunctional or individualistic (those that disrupt group processes or weaken its 
cohesion) (Benne & Sheats, 1948). And Karen et al. (2011) defined roles of leader, 
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wannabe, spoiler, agreeable enabler, coat-tails and supportive worker occurring in an 
online student group project. But few studies investigate on what user roles would occur 
in an authentic academic group project setting. The results would allow system designers 
to get a better understanding of their CIS process. 
2.2 Collaborative Information Seeking in Student Group Project 
Many pieces of research have shown that students could develop a number of 
skills through collaborative work. Lazonder (2005) found that students would perform 
better on web search outcomes, find sources speed, and produce a greater number of 
correct responses to the tasks in pairs than individuals. Schellens and Valcke (2006) 
believe collaboration could promote knowledge effectively. Shah and González-Ibáñez 
(2011) found that collaborative search might yield better results than individual search 
through the synergic effect of shared effort. Todd and Dadlani (2013) suggest that 
collaborative learning could improve teamwork and increase altruistic behaviors. 
However, few studies from an information seeking/information science 
perspective have been done to explore user roles in an authentic academic group work 
setting and how technology would assist students’ collaboration. Sormunen et al. (2013) 
found that some student groups would truly collaborate while others conducted loosely 
coordinated individual efforts in a writing assignment. Payne (2014) conducted a 
qualitative field study and found that students generally showed minimal effort, did not 
utilize all of the tools’ functions, and preferred ad hoc methods of communication. 
Leeder and Shah (2016) conducted an exploratory user with 41 participants in ten groups 
working on an in-class, for-credit group project assignment utilizing a collaborative 
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search system. They found that students’ behavior, pre-task attitudes, and experiences 
toward group work would relate to the quality of their search outcomes. 
The exploratory study described in this paper would contribute to the growing 
body of knowledge about the CIS of students conducting group projects in an authentic 
setting.  
  
     
    
3 Methods  
3.1 Overview 
The goal of this study is to explore how students would behave in academic class 
group project. Graduate students at the University of North Carolina at Chapel Hill who 
have experienced a group project within six months would be the basic requirements of 
my subjects. The project should require doing searches online and continue across several 
weeks or months. A qualitative analysis of semi-structured interviews is proposed on a 
total number of 12 subjects. This study was reviewed by the UNC Institutional Review 
Board (IRB Study #19-2936) and approved on 1/27/2020. 
3.2 Recruitment of Research Subjects 
A recruitment email was sent to potential subjects to indicate the details of the 
study, which would give a description of the study’s purpose, risk, and benefits. Each 
participant would receive a $10 gift card for their full participation in the study.  
3.3 Description of Research Method 
A face-to-face semi-structured interview would be the ideal method for this study 
as it could probe for more information and clarifications of answers. Participants were 
asked for permission to record their voices. And their personal information won’t be 
included in any publications. 
The interview has been conducted in a group study room at Davis library. It began 
with a brief introduction to the whole study. After that, the interview proceeded to the 
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main body followed the interview guide (Appendix A) and ended with a cooling-off time 
where the participant was thanked and given the gift card. 
The interview guide was developed based on research questions in three parts, 
including an overview of the project, details of CIS process and wrap-up. It was designed 
to give the investigator a basic guide of the semi-structured interview with all topics 
covered. The interviewer has the option to ask questions they believe meaningful to the 
topic. And there was one pre-test with one doctoral candidate at SILS, who specializes in 
information seeking behavior. The pre-test went smoothly and then the recruitment 
process began. 
3.4 Data Analysis 
Qualitative data was analyzed after interviews were conducted. Transcripts of 
each interview have been refined at first, then all the transcripts were analyzed 
qualitatively to understand the meanings behind students’ words. The transcripts have 
been coded using a combination of inductive and deductive coding methods. 
 
 
    
     
4 Results  
4.1 Overview of participants  
Twelve graduate students from UNC-CH have participated in the study, including 
3 males and 11 females aged ranging from 20-30. Ten of them are studying for their 
Master’s degree and two of them are for Doctorate’s degree. Ten of them are from 
Information Science program and the other two are from Education program and 
Accounting program. 
All of the projects talked about are different from each other and they are from 
courses designed for graduate students at UNC-CH. There were at least 3 people in every 
project and all of the projects lasted more than one month. The basic information about 
every project is shown in Table 1. 
Table 1. Basic information of every project 




1 Conducting an Analysis of 
Scholarly Communication  
 
4 1 
2 Information Visualization 4 2 
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3 Information Visualization 4 2 
4 System Analysis 6 2 
5 Case Study 4 1 
6 Information Visualization 4 2 
 
7 Design a product for students 3 2 
8 System Analysis 4 2 
9 Information Visualization 4 2 
 
10 Conducting an Analysis of 
Scholarly Communication  
4 1 
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11 Text Data Mining 3 2 
12 Conducting an Analysis of 
Scholarly Communication  
4 1 
 
All of the projects have lasted several sessions and the number of deliverables 
may vary. And there was at least one mutual work for their final presentation/report that 
appeared in every project. It is certain that students needed to coordinate a lot for their 
group work if they would like to get good grades. 
4.2 Collaboration at different stages in CIS 
In the sections below, the CIS processes described by our participants are analyzed 
through six stages which Shah and Gonzalez-Ibanes (2010) have proposed in their 
extension of Kuhlthau’s ISP model in an educational collaborative context. Based on our 
data analysis, situations of the six stages are summarized as follows. 
1) Initiation  
Students read the task and greet each other at this stage, where two kinds of situations 
might occur.  
a) Group formation before choosing the topic (6 out of 12) 
In the data collected for this study, the stage usually occurred when students’ 
familiar classmates are in the same class. They form the group with people 
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they’ve already known (others they may not know would also join sometimes due 
to the number of students required). They would collaborate to choose the topic at 
a face-to-face meeting, which might take place in a study room at school. 
b) Group formation based on the topic (6 out of 12) 
Based on our study data, this stage usually happened when the first part of the 
project is to ask everyone to propose an idea according to instructors’ 
requirements. And instructors would leave a period of time on a face-to-face 
class to let students talk with each other and form their group based on the ideas 
he/she is interested in.  
2) Selection 
The team would discuss how they want to divide their tasks and how to proceed at 
this stage. It always happens after the group formation and all members come to a face-
to-face meeting. They would discuss how to divide the project into sub-tasks together 
and every member would claim some sub-tasks based on their own field or preference. 
Two patterns might occur at this stage: group discussion with leadership and leaderless 
group discussion, while there would be at least one student who boosts the morale of the 
group at leaderless group discussion. 
3) Exploration 
The stage is mapped to where the members decided what and how to search for 
information for their own tasks. Collaboration would only occur when students would 
like to recheck what their own sub-tasks are and whether their search queries are 
appropriate with the whole team (10 out of 12). It would occur either on face-to-face 
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meetings or through digital activities (like texts in GroupMe, comments on Google 
Docs, etc.). 
4) Formulation 
This stage is where students search for information for their project. Students would 
choose to search independently mostly during this stage (9 out of 12), including 
searching relevant case studies, articles, and posts through search engines and databases, 
interviewing relevant people. 
5) Collection 
The stage is where students collect information they find and other members find. 
Students prefer to collect their own information independently then share it with the 
whole team at the same place (8 out of 12). They would collaborate to organize 
information all teams collect to make the shared folder/workspace neat. Digital 
collaboration would occur remotely and non-synchronously most of the time, including 
the use of online digital documents and collaborative work tools.  
6) Presentation 
The stage occurs when the team completed information searching and all members 
began to work for their final reports and/or presentations. Students would collaborate in a 
digital way (remote and non-synchronous) to integrate their collected information into 
the final all-in-one report. Also, there might be a final presentation for some class 
projects. The whole team would collaborate to make the online slides and dry run their 
final presentation on their last face-to-face meeting. 
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4.3 How technologies help in CIS 
4.3.1 Tools in control 
Control was identified by Rodden (1991), which means there would be a process 
needs to satisfy in order to start or finish. Cognitive filtering (Malone, 1988) might occur 
where technology would help students filter information they are supposed to send or 
receive.  
Email service is the one who plays an important role in cognitive filtering based 
on my interviews. For example, a participant mentioned that they formed the team by 
sending an e-mail including his/her idea to all classmates with the help of Sakai. And 
he/she was contacted soon by those who also were interested in the project and then they 
formed the group. Email system helped the team send or receive appropriate information 
even before the team formed. 
Group text messaging (like GroupMe, Group Message) helps a lot with the 
submission of deliverables. All the members would interact with the message using 
“thumbs” or “heart” where the team leader or volunteer asked their permission for the 
submission. One typical situation is described as follows: 
“The leader sent a message at GroupMe when he was going to submit. It said he 
would submit it at noon if no more change would be made. And we all gave a 
thumb to that message.” 
4.3.2 Tools in communication 
Communication is critical for collaborative information search. Students 
communicate to choose topics, divide tasks, share information they have collected and 
work for their common report and/or presentation. All tools mentioned and their 
functions in communication are summarized in Table 2. They are categorized into four 
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categories including group text messaging, video conference tools, email service, and 
cooperative work tools. All tools have different focuses and yet some of their functions 
might be overlapped. 
Table 2. Tools and their functions in communication 
Category Tools Functions 
Group text messaging GroupMe, Text group, 
Messager, WeChat Group, 
Slack 
1) Check details of their 
own sub-tasks 
2) Check when and how to 
meet 
3) Share snippets 
4) Propose ideas 
Email service Outlook mail, Gmail 1) Notes/Files transfer 
2) Check when and how to 
meet 
Cooperative work tools Google Drive /Docs /Slides 
/Sheets, 
OneDrive 
1) Share snippets 
2) Share ideas using 
comment function 
3) Show how to proceed 
sub-tasks 
Video Conferencing Zoom 1) Conduct video 
conference when necessary 
 
Almost all groups used at least one tool in group text messaging. Little effort is 
required to create a chat group, which makes group text messaging the most convenient 
way for communication. Also, it has the largest number of choices, including GroupMe, 
text group, WeChat, Messager, Slack. Those tools allow team members to communicate 
instantly on their ideas/snippets and some micro-interaction design makes the check 
process much easier.  
      21 
Email service is mentioned by one participant for communication. Their group 
members used email service for communication rather than text messaging. They chose 
face-to-face meetings as the prior communication way and they shared ideas and 
discussed projects only at meetings. The email service is used as the tool to transfer files, 
notes or links among team members after the meetings.  
Cooperative work tools are frequently used for their mutual work. The set of 
Google online work tools is the most popular one among groups (11 out of 12). Every 
team member could edit their mutual work at the same time. And tools help a lot to keep 
track of what they’ve already done. One participant mentioned OneDrive is used in their 
project as they prefer Microsoft tools. 
Video conferencing was used when some members could not make it for the face-
to-face meeting. And yet one participant mentioned they thought video conferencing is 
not as effective as face-to-face meetings. People may be distracted by other things while 
having a video meeting. 
Also, there are different preferences for those tools among different groups. At 
least tools of one category occur during cooperation, while group text messaging and 
cooperative work tools are the most popular categories (Shown in Table 3).   
Table 3. Tools used for communication 
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4.3.3 Tools in awareness 
There are multiple sessions existing in the group project, which means something 
needs to be done to help them be aware of where they were in the last stage and how to 
proceed. Technology helps them a lot in different ways, which is summarized in Table 4. 
Table 4. Tools used for awareness 
Category Tools Functions 
Project management tools Trello 1) Schedule due date for 
every sub-task 
2) Remind every member 
for what have done and 
what need to be done 
Cooperative work tools Google Drive /Docs /Slides 
/Sheets, OneDrive 
1) Keep track of what have 
done and what need to be 
done 
2) Storage place for all 
relevant materials 
Research assistant Zotero, Mendeley 1) Manage articles among 
team members 
Educational platform Sakai, Canvas 1) Show notification when 
due date is approaching 
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Project management tool – Trello was used by two groups, which is a web-based 
Kanban-style list-making application. The leader wrote every sub-task and its due date on 
Trello at the beginning of the project. Members would check the note when the task was 
completed. All things are listed clearly on the dashboard of the group. 
“The leader wrote a rough schedule on Trello for the whole group before the first 
meeting. Then we discussed how to proceed with the tasks and set the due date for 
each sub-task. We followed the schedule and everything went smoothly. There 
were some small changes...” 
  
Cooperative work tools also function well to remind team members of what they 
have done for their project. Some participants mentioned there was a document besides 
their project in the shared folder which documented important due dates for the project 
and their notes on the meeting.  
Some tools (Zotero, Mendeley) that worked as research assistants were mentioned 
by some participants. They were used to collect, organize, share and cite articles for 
projects involved literature review. A shared folder would be created and all team 
members would collect articles and write a short introduction into the folder so that the 
collaborative information searching process would be more effective. 
“We created a folder on Mendeley for our literature review. Every member was 
asked to find at least five relevant articles based on the requirements of the project. 
We created the folder so that there won’t be any overlapped articles occurring 
among members.” 
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4.4 User roles in group project 
The analysis of the interviews indicates that students would spend little time 
discussing their roles. Different user roles would be created as the group project 
unfolded. We found evidence of four roles identified by Karen, Kari, and Bruce (2011) 
occurring in the whole process, which are summarized as follows:  
1) Leader: The role of leader was defined as one “who facilitates and keeps the group on 
task” (p. 54). 
“There is a leader in our group. She proposed the idea. She works hard and sets 
the schedule for the whole project.” 
2) Supportive worker: “who understands assignment criteria and the group dynamics, 
follows through and takes initiative to ensure the group’s success” (p. 56). 
“We met every week with no one absent. Everyone completed their sub-tasks 
perfectly.  We got a great grade for that project.”  
3) Free rider: coat-tails, who shows the negative attitude towards the whole project and 
“does little to no work” (p. 56). 
“There is one student in our group. He did nothing but presented the introduction 
part at class.” 
4) Agreeable enabler: “who goes along with all suggestions even when tasks shift and 
continues to do the work for others, letting others get away with work avoidance” (p. 55). 
“I wrote notes on meetings and uploaded it to the shared folder which would help 
us learn where we were.” 
 
There must be at least one supportive worker in the team, while the leader, free 
rider, agreeable enabler does not always appear in the group. And it’s worth noting that 
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the role of every student is not fixed during the whole process. More than one role could 
occur on the same member. For example, one of the participants mentioned that one of 
their group members had no contribution for the first half of their project due to his own 











    
     
5 Discussion 
5.1 Collaboration at different stages 
Based on analysis of our data, face-to-face meeting still appear to be an important 
component of students’ group projects as part of classes they take at UNC. For our 
participants, there was at least one face-to-face meeting for topic choice and team 
formation. The selection stage, where students discuss what and how to search for 
information for their tasks, would also happen in the first few face-to-face meetings. 
Students would also meet for integrating information they have collected, as well as 
walking through their final deliverable. In a word, most important decisions would be 
made through synchronous and co-located meetings. However, in some cases, group 
members choose to have a digital meeting through video conference tools when some 
members can not present or be there on time.  
Digital messages are sent remotely during the whole process, as there is little effort 
for students to send a digital message. For example, some participants mentioned the 
leader would send a text on GroupMe to remind others on when and where to have the 
meeting. Also, it could be used to deliver information that may not need instant feedback 
(like a new idea for future work or snippets which are not useful at the current stage).  
Remote and non-synchronous collaboration also occurs on digital documents through 
collaboration work tools, which allowed the mutual deliverable to be modified by all 
members. Comments were used by group members for discussion and views exchange, 
which helped a lot at the collection and presentation stage.
    
     
5.2 How technology helps in the whole process 
There are tools of seven categories used in the whole process and different 
categories would function differently in different aspects. Group text messaging tools, 
including text groups, GroupMe, Messager, WeChat, and Slack, help a lot in control and 
communication, which could be used to share their snippets and ideas before and/or after 
the meetings. And some of the tools enable students to interact using messages which 
makes the control process much easier. All participants had at least one group text 
message service on their phones which make it clear that almost all groups choose group 
text message as their primary communication way besides meetings.  
Email service was used by some groups in control and communication. The 
technology helps users filter information they are supposed to send or receive during that 
process, which is called cognitive filtering (Malone, 1988). It occurs when students do 
not know who their messages should send to and then they choose to use the mail group 
of the whole class, as emails help them reach out to their possible right person in an 
efficient way. And email service is also easy to transfer messages and files among 
members for communication. 
Cooperative work tools, like Google Docs/Slides/Sheets/Drive and OneDrive, 
were commonly mentioned by our participants, as they enable all members to work 
together online. The comment function makes discussion about the mutual work go 
smoothly and all members could share their ideas at the same place. Also, all data 
including group work and notes could be stored in the cloud, which could save a lot of 
space on students’ computers and enable students to be aware of what they have done and 
what to do later through the organized shared space.  
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Video conferencing tools were also mentioned by one of our participants. Their 
group chose Zoom for meeting as some members can’t get to school in time. It’s a great 
choice to meet online as it saves time on the way and yet it may reduce the efficiency of 
discussion that some members might be distracted at the online meeting. 
Project management tools like Trello are used to show the schedule of the whole 
process, as group projects usually last several months with multiple sub-tasks which 
make the tracking process complex. Kanban style helps a lot to make the schedule clear 
and remind members what to do. 
It’s also worth noting that some tools (like Zotero, Mendeley) work as research 
assistants in projects that involved literature review. A shared folder is created among 
group members and all of them could upload articles with their notes to the folder so that 
there won’t be any overlapped articles occurring. It’s common for graduate students to 
search for articles for their projects and yet tools are not used by many groups, even some 
participants mentioned they would like to use some tools to help them organize materials 
for the project. 
The remind function of Sakai and Canvas as two primary educational platforms 
used by UNC reminds students about important due date for their deliverables. Students 
log in to those systems frequently so the function works well to avoid them missing 
important dates. 
5.3 User roles  
We found evidence of four kinds of user roles occurring in the project based on 
our analysis of the results, which supports the study conducted by Karen, Kari, and Bruce 
(2011). The supportive worker is the most primary role in the completion of the project. 
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The leader and agreeable enabler play an important part in the whole process and the free 
rider is the one which is mentioned by some participants. They believed the existence of 
the free rider would affect their experience towards the whole group negatively, even 
they got a pretty good grade for the project. Everyone is supposed to contribute evenly or 
almost evenly to the whole process for a great team, which supports the study of Scott 
(1995). It’s also worth noting that many participants described their ideal teamwork with 
a responsible leader who is good at setting the pace for the project and helps move the 
process not harshly.  
5.4 Implications  
 The analysis of interviews indicates that different members are expected to find 
out different results even they use the same keyword. They created a folder or document 
to pose the links or files they collected to avoid repeating works. Maybe a collaborative 
search system would show different students in one group different results even with the 
same keyword if the team wants.  
Also, many participants mentioned they would create a document to write down 
notes and the agreeable enabler would make all team informed to guarantee they are all 
on the same page. Maybe tools designed for group projects (like GroupMe) could add 
some functions to help support students such as the agreeable enabler. 
5.5 Limitation 
All participants are graduate students and most of them are from Department of 
Information Science, which may cause a limited range of project contents. In general, our 
participants described class projects with similar requirements which might make the 
results less inclusive to all student projects. 
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5.6 Future work 
Future work could be done to investigate whether different projects would affect 
students’ choice of their collaboration way at different stages. One participant in our 
study had project requirements that were very different from requirements in other fields. 
Face-to-face meetings played a more important role in their collaboration. It’s worthy to 
explore whether and how the content of project would affect collaborative search process. 
Some participants mentioned grouping with familiar classmates would make their 
experience better, especially at the initiation and selection stage, which indicates social 
factors might affect how students collaborate. Further research could be conducted on 
what and how social factors play roles in student group projects. 
Also, this qualitative study mainly focuses on collaboration and technologies with 
no or little regard to emotional feelings. A quantitative study could be conducted on how 
their collaboration search process would affect their emotional feelings towards the 






    
     
6 Conclusion 
An exploratory study was conducted with UNC graduate students to find out how 
students search for information collaboratively for their student projects. We conducted a 
qualitative analysis for semi-structured interviews and discussed three research questions: 
1) What kind of collaboration have students used at different stages of CIS process? 2) 
What roles do technologies play in control, communication, and awareness of CIS? 3) 
What kind of user roles occurs during their collaboration?  
The result indicates that both classic and digital collaboration occurs in the whole 
process. There is usually at least one classic face-to-face meeting at the initiation stage 
and selection stage. Then either classic meetings or digital messages or both would occur 
on the exploration stage. There might be little collaboration during the formulation stage 
and more digital collaboration at the collection stage. Both the classic way and digital 
collaboration would occur at the last presentation stage. 
Technology helps a lot in the whole process, including group text messaging 
tools, email service, cooperative work tools, video conferencing tools, project 
management tools, research assistants and educational platforms. Group text messaging 
tools and cooperative work tools are the most prevalent tools. 
We found evidence of the four user roles identified by Karen, Kari, and Bruce 
(2011) occurring in the project based on our analysis of the results. The supportive 
worker is the most primary role in the completion of the project. The leader and agreeable 
    
     
enabler play an important part in the whole process. The free rider might occur in 
some groups which would affect their coordination experience. 
Future work could be done to investigate whether different projects would affect 
students’ choice of their collaboration way at different stages and whether social factors 
would affect group experience. Emotional feelings could be taken into consideration for 
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Appendix A: Interview Guide 
Part 1: Overview of the project 
1. Would you mind showing me the instruction for that project on the class?  
2. What are the main goals and the project? 
3. What kinds of information are you looking for? 
4. Is there any one you turn to besides the Internet? 
5. How long did the project take? 
Part 2: CIS  
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Part 3: Wrap-up 
1. Were you satisfied with the searching and collaboration of aspects of the project? 
Why or why not?  
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